examined the categorization abilities of younger adults using tasks involving single-dimensional rule learning, disjunctive rule learning, and family resemblance learning. The current study examined category learning in older adults using this well-known category set. Older adults, like younger adults, found category tasks with a single relevant dimension the easiest to learn. In contrast to younger adults, older adults found complex disjunctive rule-based categories harder to learn than family resemblance based categories. Disjunctive rule-based category learning appeared to be the most difficult for older adults to learn because this category set placed the heaviest demands on working memory, which is known to be a cognitive function that declines with normal aging. The authors discuss why complex rule-based category learning is considered more difficult for older adults to learn relative to younger adults, drawing parallels to developmental research.
The ability to categorize is a key aspect of cognition, which we rely on to group like objects together so that they can later be treated equivalently. Starting from infancy and continuing to older adulthood, we make categorization decisions to help organize the world around us. That is, children may rely on categorization when deciding whether some types of objects are dangerously hot (e.g., stove) or not (e.g., fridge), whereas older adults might rely on categorization to decide which types of medications are dangerous or safe. This being said, a principal question to examine is whether category learning abilities vary with age, and which factors are responsible for these changes. Developmental differences in category learning have been examined in early and middle childhood (Minda, Desroches, & Church, 2008; Huang-Pollock, Maddox, & Karalunas, 2011; Rabi & Minda, 2014) , and category learning abilities have been extensively studied in university-aged adults. At the opposite end of the age spectrum, category learning abilities in older adulthood have only recently begun to receive attention. Given the fact that quick and accurate categorization is just as important later in life as it is earlier in life, it is important to examine if and why age-related changes in category learning may appear in older adulthood.
Parallels Between Category Learning in Childhood and Older Adulthood
Given the limited research on category learning in older adults, a better understanding of this topic may be obtained by examining category learning in children. On the surface, it may appear as though these two populations have little in common. In addition, there are also vast differences in semantic knowledge between these two groups which prompt some caution in making comparisons and inferences between them. Despite these differences, these groups do share some key similarities that can inform theorization. For example, research suggests that the prefrontal cortex develops later than other areas (Bunge & Zelazo, 2006; Kolb et al., 2012) , and verbal working memory and executive functioning develop substantially during childhood and are related to these physical developments in the prefrontal cortex (Gathercole, 1999) . As a result, children are often impaired relative to younger adults when learning categories that rely heavily on working memory and executive functioning abilities (Minda et al., 2008; Rabi & Minda, 2014) . Similarly, research has shown that prefrontal brain regions atrophy with normal aging, which is associated with a reduction in executive functioning abilities (Greenwood, 2000; Grieve, Williams, Paul, Clark, & Gordon, 2007) . Furthermore, one might expect that older adults should also be impaired when learning category sets that depend on working memory and executive functioning.
Research by Minda and colleagues (2008) showed that children performed worse than younger adults on categories that were optimally learned by a complicated rule. However, children and younger adults performed similarly when learning nonrule-based family resemblance (FR) categories, which could be learned based on the overall similarity of the stimulus dimensions rather than via a rule. Interestingly, children were able to learn simple, singledimensional rules about as well as younger adults, suggesting that children are capable of learning rules if they are easy to identify (i.e., do not heavily tax working memory and inhibitory control
Category Learning in Older Adults
While studies have clearly shown an age-related reduction in the propensity to use rules, research has also demonstrated more specific category learning deficits in older adulthood. For example, research conducted by Filoteo and Maddox (2004) examined the ability of younger adults and older adults to learn informationintegration categories, which are a subset of nonrule-based categories. One category set was defined by a linear boundary, thus making it comparable to a family resemblance category set, and the other was defined by a non linear boundary. In both cases, younger adults performed better than the older adults. One reason was that younger adults were more adept at switching to an information integration strategy whereas older adults were more likely to use a rule-based approach (which resulted in suboptimal performance).
Other research examined rule-based category learning. Racine, Barch, Braver, and Noelle (2006) asked older adults (ages 66 to 82) and younger adults to learn a set of categorization tasks that varied in rule complexity. Results revealed that older adults performed similarly to younger adults when applying a simple, singledimensional rule, but showed performance deficits when applying a more complicated rule. Racine's findings converge nicely with Minda et al.'s (2008) developmental results. Similar to Racine and colleagues, Minda et al. (2008) also found that children struggled with learning complex rules, but performed similarly to younger adults when learning simpler, single-dimensional categorization rules. Maddox, Pacheco, Reeves, Zhu, and Schnyer (2010) , also examined RB category learning in older adults (ages 60 to 81), paying special attention to strategy use differences in younger and older adults. Findings revealed that as a group, older adults showed RB deficits compared to younger adults. Computational modeling provided further insight into the types of strategies being used by older adults, revealing that older adults were marginally less likely to use the task appropriate strategy in the RB condition compared to younger adults. Among the older adults who did not use an explicit, hypothesis-testing strategy, these participants tended to rely on either a nonrule-based implicit strategy or guessing. Maddox et al. (2010) also showed that older adults who adopted the task appropriate strategy (i.e., a hypothesis-testing strategy) in the RB condition performed similarly to younger adults using the task appropriate strategy. Additionally, Maddox et al. demonstrated that older adults who used the task appropriate strategy were also those who showed better inhibitory control (on the WCST and Stroop task) and working memory (on the digit span task) abilities. These findings are clearly in line with research showing the executive functioning abilities are closely tied to RB category learning (Miles & Minda, 2011; Minda et al., 2008) and tend to decline with age (Greenwood, 2000; Raz, 2000) .
Another type of category learning that has been examined in older adults is rule and exception learning. Davis, Love, and Maddox (2012) asked older and younger adults to learn to categorize pictures of beetles on the basis of trial and error. Most of the beetles were rule-following items that could be categorized using a single dimensional rule. However, each category also contained an exception item. Davis and colleagues found that while both older and younger adults performed quite well on the rulefollowing items by the end of training, older adults were impaired at categorizing the exception items. In line with the findings of Racine and colleagues (2006) , Davis et al. demonstrated that older adults could learn RB category sets, granted that the verbal rule was straightforward (e.g., beetles with pointy antenna go in Category A). However, older adults struggled more than younger adults, when they had to exert additional resources (e.g., hypothesis testing, working memory) to determine the exception to the rule. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Changes in Executive Functioning With Age
Given the limited number of studies investigating category learning in older adults, a useful next step would be to outline some of the factors which may impact category learning in older adults. One of the factors that are known to influence category learning is executive functioning. According to widely held views, the prefrontal cortex plays a key role in executive functioning. However, this brain region has also been shown to deteriorate with age (van der Mollen & Ridderinkhof, 1998; Uylings & de Brabander, 2002) . Future research should closely examine the link between category learning deficits in older adults and executive functioning abilities, because many types of category learning tasks depend on executive functioning abilities like inhibitory control and working memory (Miyake et al., 2000) .
Inhibitory Control
Older adults have been shown to display deficits in a wide range of inhibition tasks. For example, prior research has shown that older adults find it more difficult to look away from an onset stimulus when the correct response is to look in the opposite direction (Butler, Zacks, & Henderson, 1999; Olincy, Ross, Youngd, & Freedman, 1997) . Additionally, when older adults are required to stop their response when a target stimulus is presented (i.e., stop-signal task), they have more difficulty withholding their response than younger adults (May & Hasher, 1998; Williams, Ponesse, Schachar, Logan, & Tannock, 1999) . With regards to the Stroop task, research has shown that older adults find it more difficult to suppress the word reading response to a color word when asked to indicate the font color of the word (West, 1999; Davidson, Zacks, & Williams, 2003) . Furthermore, these findings demonstrate that inhibitory processes are impaired in older adults, which may have an impact on how well older adults can learn categories. That is, reduced inhibitory control abilities may lead to more difficulty restricting access of irrelevant/salient information to working memory, as well as difficulty removing information from working memory that has been deemed irrelevant.
Working Memory
Age related decrements in working memory performance have also been documented. Research has revealed decreases in working memory in old age in both verbal and spatial working memory tasks (Bopp & Verhaeghen, 2005; Park et al., 2002) . With regards to category learning, Lewandowsky (2011) found that working memory capacity mediated performance on RB tasks. As well, Maddox et al. (2010) found that digit span performance was associated with RB category learning in older adults. Based on prior research, we know that older adults are capable of learning simple, single-dimensional RB categories, but struggle to learn more complex RB categories (Racine et al., 2006) . One might speculate that older adults struggled to learn the more complicated RB category set, because it placed more strain on their working memory capacity to test different rules, update the information, and maintain the complex rule in memory.
Motivation for the Current Research
The current study examined category learning in younger and older adults using an adapted version of the Shepard, Hovland, and Jenkins' (1961) classification tasks (hereafter referred to as the SHJ tasks). This category set has been used in many studies across different population types (e.g., younger adults, children, depressed individuals, monkeys), but to our knowledge, it has yet to be examined in older adults. Because it has been used so extensively, performance on the SHJ tasks serves as an important benchmark for understanding category learning. It follows that performance on these category sets should be examined in relation to normal aging. Among the six SHJ category sets, three (Type I, Type II, and Type IV) were of particular interest in the present study. Type I is considered an easy RB category set, where only one feature is used to indicate category membership, and participants can achieve perfect performance by using a single-dimensional rule. The rule that would result in perfect performance in Figure 1 is "Black shapes belong in Category A, white shapes belong in Category B" because the feature used to indicate category membership is color. Previous research has demonstrated that the Type I category set is the easiest set to learn among younger adults and results in the highest performance (Nosofsky, Gluck, Palmeri, McKinley, & Glauthier, 1994; Shepard et al., 1961) . Type II is considered a hard RB category set, where two features are used to indicate category membership, and participants can achieve perfect performance using a disjunctive rule. The verbal rule that would result in perfect performance in Figure 1 would be "Black triangles Figure 1 . Category learning tasks from Shepard, Hovland, and Jenkins (1961) : Type I (easy rule-based), Type II (hard rule-based), and Type IV (nonrule-based). This document is copyrighted by the American Psychological Association or one of its allied publishers.
and white squares belong in Category A, white triangles and black squares belong in Category B." Therefore, neither color nor shape is individually useful in assigning category membership, but the combination of color and shape is. Type II is considered the second easiest set to learn out of the six category sets, despite the increased logical complexity of the rule. Type IV is considered a family resemblance category set, where all three features are used to indicate category membership. This means that the members of Category A have features in common with one another, for example in Figure 1 , they are mostly large, mostly black, and mostly triangles, whereas Category B members are mostly small, mostly white, and mostly squares. This task can be learned by looking at the overall similarity of stimuli, and thus does not require the abstraction and use of a rule. However, the Type IV category set can also be construed as a rule-plus-exception category learning task because another possible method of achieving perfect performance is to memorize the exceptional outlying stimuli (in Figure  1 , this is the big white triangle and the small black square). The verbal rule would be "big shapes (except the white square), plus the small black triangle belong in Category A, and small shapes (except the black triangle), plus the large white square belong in Category B." The Type IV category set is considered the third hardest to learn out of the six category sets.
As mentioned earlier, performance on the SHJ tasks has been examined in many different populations, including children (Minda et al., 2008) , monkeys (Smith, Minda, & Washburn, 2004) , and in individuals with depression (Nadler, 2013) . Additionally, SHJ tasks have been studied in relation to unsupervised category learning (Love, 2002) , working memory capacity (Lewandowsky, 2011) , and stimulus composition (Love & Markman, 2003; Mathy & Bradmetz, 2011 ). An important next step is to examine SHJ performance in older adults. Interestingly, in contrast to the Type II advantage typically found in SHJ studies, prior research has shown that children and monkeys actually find Type II harder to learn than Type IV (Minda et al., 2008; Smith et al., 2004) . Minda and colleagues (2008) speculated that children struggled with Type II learning because the brain areas thought to mediate the explicit rule-based system and working memory are not fully developed in children. Similarly, Smith et al. (2004) suggested that monkeys struggled with Type II learning because of their smaller prefrontal cortex and lack of verbal abilities.
Based on the research reviewed above, we predict that older adults will perform similarly to younger adults on Type I categories. However, we predict that older adults will struggle to learn Type II categories compared to younger adults, because executive function declines with age. Furthermore, because the disjunctive RB Type II category set heavily relies on executive functioning abilities to test rules, inhibit incorrect rules, and maintain rules in working memory, older adults are predicted to be at a disadvantage at learning this category set, relative to younger adults. Lastly, the Type IV category set can be learned via family resemblance or a complicated rule (i.e., rule-plus-exception). Given past research demonstrating that older adults struggle with learning rule-plusexception categories (Davis et al., 2012) and the fact that stimulus dimensions in the Type IV category set are intercorrelated encouraging family resemblance-based learning, it is predicted that older adults will perform better on the Type IV category set relative to Type II because older adults are expected to have access to the cognitive processes that allow for family resemblance leaning strategies.
In terms of the relationship between category learning and executive functioning abilities, it is predicted that better executive function (i.e., a larger working memory capacity and stronger inhibitory control abilities) will be associated with higher performance on the two rule-based category sets, Types I and II. Because the disjunctive RB category set is thought to rely most heavily on executive functioning, the strongest relationship with executive functioning abilities should occur for this category set.
Method Participants
Participants included 35 younger adults (M ϭ 18.34 years; eight males and 27 females) from the University of Western Ontario who participated for course credit and 34 older adults between the ages of 65 and 85 (M ϭ 71.44 years; six males and 28 females) recruited from the Kiwanis Seniors' Community Centre and the Boys and Girls Club recreational facility. Older adults received $20 for participating in the study. Participants were fluent in English and had normal or corrected to normal vision. Information about age, health, and vision was collected via demographic questionnaire that appears as an Appendix. Participants were excluded from the study if they indicated that they had a history of neurological disorders, psychiatric illness, substance abuse, a cerebral vascular event, head trauma, and/or any other neurological conditions.
Materials
Category learning task. Three category learning tasks were chosen from the original set of six created by Shepard, Hovland, and Jenkins (1961) . In each category set there are three features (shape, size, and color) that can have one of two dimensions (square or triangle, large or small, black or white), as shown in Figure 1 . In each category set there are eight stimuli, and four belong in each of two separate categories. There were 80 trials (10 blocks) total per category set. The Type I set was a singledimensional category with one of the three features acting as the single-dimensional rule. The Type II set was a disjunctive rule category set with two of the three features relevant for the disjunctive rule. The Type IV set was a family resemblance category set in which each category member shared the majority of its features with the other category members and all the features were relevant. All category sets were counterbalanced across participants such that some participants were presented with a Type I set for which color was the relevant dimensions, others were presented with a set for which size was the relevant dimension, and so on.
Memory tasks. Digit span. Participants heard a recording of a two-digit number sequence at a rate of approximately one digit per second, and the participants were asked to repeat the sequence back to the experimenter in the same order. Participants heard three sequences at each sequence length and as long as they repeated at least one of them correctly they continued on to the next sequence length, for a maximum length of 10 digits. The task was over once the participant was unable to repeat any of the sequences at a given This document is copyrighted by the American Psychological Association or one of its allied publishers.
length. The procedure for the backward digit span was the same as that for the forward digit span except that the participant was required to recall the digits in reverse order so that the last number was said first and the first number was said last, for a maximum of eight digits. The task was scored as the total number of correct responses.
Inhibitory control tasks.
Flanker task. A version of the Flanker task adapted from Botvinick, Nystrom, Fissell, Carter, and Cohen (1999) was used. A set of five arrows was presented in a row on the computer screen and participants were asked to indicate the direction of the central arrow (target). The target was flanked by two identical arrows on either side (distractors) that were either pointing in the same direction (congruent trial) or the opposite direction (incongruent trial) of the target arrow. The task consisted of 60 trials (30 congruent and 30 incongruent) presented in randomized order. Prior to the experiment participants received five practice trials that were not analyzed. The difference in mean reaction time (RT) between correct responses on congruent and incongruent trials (i.e., a difference score) was used as a measure of inhibitory control. Larger difference scores were indicative of less efficient interference control.
Simon task. In the Simon task, participants were first presented with a fixation cross in the center of the screen (Simon & Rudell, 1967) . Immediately after the cross had disappeared, participants were instructed to press the left key in response to the red circle or the right key in response to a blue circle as fast as possible, regardless of stimulus location. The timing began with the onset of the stimulus, and the response terminated the stimulus. On congruent trials, the stimulus location was on the same side as the required response and on incongruent trials the stimulus location was on the opposite side of the required response. The whole task consisted of 64 trials (32 congruent trials and 32 incongruent trials) presented in randomized order to each participant. Prior to the experiment, participants received five practice trials that were not analyzed. Difference scores were calculated by computing the difference in mean RT between correct responses on congruent and incongruent trials.
Stroop task. In the Stroop task (Stroop, 1935) , participants were instructed to indicate, as quickly and accurately as possible, whether each word presented on the computer screen was written in red, blue, green, or yellow ink using the properly labeled response buttons. Participants were instructed to ignore the meaning of the words and to focus on the ink color only. The timing began with the onset of the word, and the response terminated the stimulus. Participants first completed 12 practice trials, with accuracy feedback after each trial. The actual task consisted of 72 trials without feedback: 24 congruent trials (i.e., "RED" in red ink), 24 incongruent trials (i.e., "RED" in blue ink) and 24 neutral trials (i.e., noncolor word names like "TREE"). Difference scores were calculated by computing the difference in mean RT between correct responses on congruent and incongruent trials.
Wechsler Abbreviated Scale of Intelligence (WASI) Test. Standardized scores on the WASI vocabulary and matrix reasoning subtests (Wechsler, 1999) were used to calculate the full-scale IQ. WASI subtests were used to provide estimates of verbal and nonverbal intelligence.
Procedure
Participants were tested individually across two testing sessions, approximately 1 week apart. Younger adults were tested in the Categorization Lab at the University of Western Ontario. Older adults were tested in a quiet room in the senior center. Participants completed all three (Types I, II, and IV) SHJ category sets in one of three orders: I/II/IV, II/IV/I or IV/I/II. A pilot study with 52 university students confirmed that the order of the SHJ category sets did not have an effect on the categorization performance. Participants were told that they would be presented with abstract shapes and asked to classify them as belonging to category A or category B. Participants saw each stimulus one-at-a-time on the computer screen and were instructed to press the button labeled "A" or "B" to indicate whether each shape belonged in category A or B respectively. After responding, participants were given corrective feedback (the words "correct" or "incorrect" appeared above the stimulus object). Another trial began following this feedback. Stimuli were presented in random order within each block of eight and blocks were presented in an unbroken fashion. Following completion of the first category set, participants completed the second and third category set. Before completing the next two category sets, participants were told that even though the objects would look the same as before, the category set is different and they should adopt a new strategy. Participants were told that they could take a break between category sets if they wished.
During the second testing session, participants first completed three inhibitory control tasks: the Flanker task, Simon task, and Stroop task. Following the Stroop task, participants received a short break, after which they were administered the forward and backward digit span. Lastly, participants completed the WASI. Each testing session lasted approximately one hour.
Results

Category Learning
The average categorization performance of younger and older adults across the three SHJ category sets is displayed in Figure 2 . This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
The learning curve of the younger adults is similar to one originally reported by Shepard et al. (1961) , with the Type I category set having the highest performance, followed by Type II, and the Type IV category set. Similar to younger adults, older adults found Type I the easiest. However, unlike younger adults, older adults performed worse on Type II relative to Type IV. Learning curves for each age group and category set across learning blocks is displayed in Figure 3 . A 3 (Category Type: Type I, II, IV) ϫ 2 (Age: younger, older) ϫ 10 (Blocks) mixed analysis of variance (ANOVA) was conducted to further examine how younger and older adults learned the three category sets. Figure 2) . Lastly, there was a three-way interaction between age, category, and block, F(12, 763) ϭ 3.93, p ϭ Ͻ .001, 2 ϭ .06, power ϭ 1.00. In order to further explore the three-way type interaction, three separate analyses of variance were conducted (one for each of the three category sets).
Type I categorization performance. For the Type I (singledimensional rule) category set, there was a main effect of age. The Type I categorization performance of older adults was significantly lower than younger adults, F(1, 67) ϭ 12.20, p ϭ .001, 2 ϭ .99, power ϭ .93. There was a significant main effect of block, F(4.4, 296) ϭ 50.14, p Ͻ .001, 2 ϭ .43, power ϭ 1.00 [Greenhouse-Geisser corrected], suggesting that learning occurred across the blocks. There was also a significant interaction between age and block, F(4.4, 296) ϭ 2. Order effects. To ensure that order effects were not present, three separate ANOVAs were conducted for each of the category sets, examining each of the three randomized orders (i.e., I/II/IV, II/IV/I or IV/I/II). This analysis was done to eliminate the possibility that some participants performed better on certain category sets than other participants, because they completed certain category sets first. There were no order effects for the Type I category set, F(2, 63) ϭ .63, p ϭ .54, the Type II category set, F(2, 63) ϭ .36, p ϭ .70, or the Type IV category set, F(2, 63) ϭ .06, p ϭ .94. This means that performance on the three category sets were not impacted by whether participants received Type I, Type II or Type IV, first, in the middle, or last. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Strategy Analysis
In addition to category learning performance, we were also interested in whether participants used a single-dimensional rule strategy in learning any of the three category sets. This is important to know because in many cases, what might appear to be moderate performance on the Type IV family resemblance category set might actually be a result of participants learning a suboptimal single-dimensional rule (e.g., attention to a single dimension in the Type IV category set would result in 75% correct). The same type of strategy analysis was performed by Minda et al. (2008) when examining SHJ learning in children.
For each participant, we identified the response made (either Category A or B) for each stimulus. Next, we calculated for each block the correlation between the value of each dimension (e.g., square or triangle) and the response. If a participant responded to a single dimension, then the correlation between stimulus and response would be 1.0 regardless of which category that participant was learning. This analysis would indicate if a participant had adopted a single-dimensional rule, even if the rule was suboptimal. Following the correlational analysis, we counted how many participants displayed at least two blocks (including nonconsecutive blocks) of perfect rule-response correlations. As Table 1 shows, we typically observed single-dimensional responding only in Type I categories, with the exception of four older adults who never consistently applied a single-dimensional rule-based strategy when completing the Type I category set. Zero younger adults and only two of the 34 older adults showed a single-dimensional performancedimension correlation for the Type II categories. The fact that older adults were performing at chance on Type II category set, yet the majority was not fit by a single-dimensional rule, suggests that older adults frequently switched their strategies throughout the task. Given the fact that one could only achieve 50% by applying a single-dimensional rule in the Type II category set, it makes sense that older adults did not consistently apply a single-dimensional rule, but rather switched rules to avoid negative feedback. Lastly, eight of the 35 younger adults and nine of the 34 older adults showed a single-dimensional performance-dimension correlation for the Type IV category set, suggesting that roughly a quarter of participants (both younger and older adults) relied on singledimensional rules to learn the Type IV category set.
1 It should also be noted, that these participants were fit by a single-dimensional rule across at least two learning blocks, in the Type IV condition. The majority of these participants were fit by a single-dimensional rule quite early in the task, and did not persist in using a singledimensional strategy for more then two learning blocks. Furthermore, implying that they most likely used a family resemblance based strategy for the remainder of the task. To examine the relationship between category learning performance and executive functioning abilities in younger and older adults, correlational analyses were conducted. Average categorization performance across the last five learning blocks was correlated with the different measures of inhibitory control and working memory. For both younger and older adults, the only signification correlation found was between Type II categorization performance and backward digit span (see Tables 2 and 3 ). This suggests that having a larger working memory capacity is advantageous for learning Type II (complicated) RB category sets. Furthermore, the lack of correlations between executive functioning measures (Stroop, Flanker, and Simon) and Type I and Type II performance is not surprising, given the lack of variability in categorization performance scores. The majority of younger and older adults learned the Type I category set, with the exception of a few older adults. In contrast, most younger adults learned the Type II category set but few older adults did. No correlations were expected between Type IV categorization performance and executive functioning measures, because Type IV category learning is thought to rely less heavily on executive functioning compared to Types I and II. When controlling for age, partial correlations revealed that backward digit span correlated with both Type II, r ϭ .318, p ϭ .009 performance and Type IV performance, r ϭ .260, p ϭ .035. No other correlations were significant. The partial correlational analyses revealed that when age is controlled for, participants with greater working memory capacities perform better on the Type II and Type IV category sets.
Executive Functioning and IQ
1 Roughly 75% of both younger and older adults were not employing a single-dimensional rule in the Type IV category set. This analysis does not exclude the possibility that participants may have learned the Type IV categories via a multidimensional rule. However, given the low dimensionality of the FR categories, a multidimensional rule might be difficult to distinguish from family resemblance responding. We favor the conclusion that most older adults relied on a family resemblance strategy to solve the Type IV category set, because given their difficulty learning the Type II disjunctive rule-based category set, it is unlikely that older adults would successfully be able to apply a complex, multidimensional rule-based strategy when learning the Type IV category set.
2 When a stricter criterion based on three learning blocks rather than two was used to identify single-dimensional rule users, there was no evidence of single-dimensional rule use, suggesting that if subjects were using a single-dimensional rule in Type IV, they did not appear to use it consistently. Note. A total of 35 younger adults and 34 older adults completed the study. This document is copyrighted by the American Psychological Association or one of its allied publishers.
In order to examine more closely the relationship between category learning and digit span, we conducted a partial correlation to examine the relationship between Type II performance and backward digit span, controlling for forward digit span. For younger adults, the relationship was significant, r ϭ .44, p ϭ .009. For older adults, the relationship between Type II performance and backward digit span was no longer significant, r ϭ .28, p ϭ .10, two-tailed. This suggests that the lower performance on Type II categories by older adults may not be purely a result of a decline in working memory performance.
A t test was conducted to determine whether younger and older adults differed on IQ scores. Results showed that older adults (M ϭ 117, SD ϭ 14.4) had a significantly higher IQ score compared to younger adults (M ϭ 109, SD ϭ 7.5), t(49) ϭ Ϫ2.8, p ϭ .007. However, this effect was driven by the fact that older adults performed much better on the Vocabulary subtest of the WASI compared to younger adults, most likely due to increased life experience. This is not a concern, given that younger adults still outperformed older adults on all three SHJ category sets, ruling out the possibility that the IQ difference influenced category learning performance between the groups.
Among older adults, IQ was not correlated with average categorization performance over the last five blocks on the Type I, r ϭ Ϫ.09, p ϭ .62, Type II, r ϭ .17, p ϭ .34, or Type IV, r ϭ .33, p ϭ .06 category set. Among younger adults, IQ was not correlated with the average categorization performance over the last five blocks on the Type I, r ϭ Ϫ.21, p ϭ .24 and Type II, r ϭ .28, p ϭ .10 category set. Type IV did correlate with IQ in younger adults, r ϭ .51, p ϭ .002, though we made no specific prediction about this relationship and did not analyze it further.
Discussion
The current study examined the relationship between executive functioning and performance on three different types of category learning tasks: an easy RB task (Type I), a complex disjunctive RB task (Type II), and a FR task (Type IV). Category learning differences between younger and older adults revealed that while both age groups performed similarly when learning Type I, older adults struggled significantly more than younger adults when learning Type II. With the majority of younger adults learning the Type II category set, and almost all older adults performing at chance, it was clear that older adults had difficulty discovering the more complex rule. Younger adults also outperformed older adults on the Type IV category set, which required adopting an implicit, overall similarity type strategy.
Findings from the current study share many similarities with findings from Minda et al.'s (2008) study examining SHJ learning in children. Contrary to prior research with younger adults usually showing a Type II advantage over Type IV (Shepard et al., 1961; Nosofsky et al., 1994; Smith et al., 2004) , present findings along with those from Minda and colleagues (2008) have demonstrated a reversal in learning, with Type IV being learned significantly better than Type II by older adults and children. This reversal of the traditional SHJ ordering is quite interesting, and may shed some light on the role of the prefrontal cortex and working memory on different types of category learning. Similar to our older adults, children in the Minda et al. (2008) study performed comparably well when learning the Type I category set because the rule was based on a simple, single-dimensional rule. Even though the areas that mediate the explicit rule-based system are not fully developed in children (Bunge & Zelazo, 2006) , the singledimensional rule is easy to find and verbalize with a single proposition and places minimal demands on hypothesis testing and working memory abilities. We draw similar conclusions in regards to our findings with older adults. Functioning of the prefrontal cortex is known to decline with age, however, given the relative simplicity of the Type I rule, older adults are still able to learn this category set quite well. Even though younger adults (96% correct) performed significantly better than older adults (88% correct) on the Type I category set, older adults still demonstrated high performance on this category set. Older adults' lower Type I performance relative to younger adults is most likely the result of a lapse in memory. Prior literature suggests that it is common for older adults to learn a task/rule fairly well, but at times experience dips in performance due to memory lapses (West, 2001; West, Murphy, Armilio, Craik, & Stuss, 2002) . Often referred to as transient goal neglect, older adults experience periods of active rule maintenance failure, rather than a difficulty actively maintaining the appropriate rule. Because there were eight trials per learning block, older adults periodically made one error during the learning block (i.e., which equates to 88% correct). Minda et al.'s (2008) findings offer an intriguing parallel to the present research. Similar to children in the Minda et al. study, older adults in our study demonstrated difficulty learning the Type II disjunctive rule-based category set. Minda et al. attributed children's difficulty in learning the Type II category set to an underdeveloped explicit rule system. That is, Type II category learning This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
requires more complex verbal rules, relative to the single propositional rule required in the Type I category set. As a result, children do not fully possess the executive functioning abilities required for learning this more complex category set. Working memory and executive functioning abilities are known to decline with age (Peters, 2006; West, 1996) , which may have led to older adult's difficulty learning the Type II category set in the current study. Along the same lines, Smith et al. (2004) found that Type II was the second easiest for young adults but was the second most difficult category set for monkeys. They attributed this difficulty to the fact that monkeys have a much smaller prefrontal cortex and no verbal abilities, which are key for Type II learning. Lastly, the present results also differed from the findings of Minda and colleagues (2008) showing that younger adults and children performed similarly on the Type IV category set. The current study demonstrated that older adults significantly underperformed younger adults on Type IV, suggesting that the correspondence between younger children and older adults does not extend to every task. Minda et al. suggest that children and younger adults perform comparably on Type IV because family resemblance learning is mediated by areas that are equally developed in both children and adults. Our findings are in line with research by Filoteo and Maddox (2004) and Maddox et al. (2010) showing that older adults struggled with learning several varieties of nonrule defined category sets. Filoteo and Maddox suggested that older adults were more likely to adopt a rule strategy that was not optimal for learning information-integration categories. Maddox et al. (2010) suggested that this deficit in FR category learning may be because older adults find it more difficult to transition from the default, explicit RB system to the implicit FR system. Furthermore, younger adults may have performed better than older adults on the Type IV category set in the current study because executive functioning abilities are required to inhibit the explicit RB system, and switch over to the implicit overall-similarity based system. However, the Maddox et al. (2010) FR category set (four category sets with lines varying across length and orientation) was quite different from our category set (two category sets with shapes varying along three dimensions), so direct comparisons may not be possible, because it is also possible to learn our Type IV category set with a complicated rule rather than strictly through FR learning. Additionally, given that research has shown that implicit learning takes longer than explicit, RB learning (Ashby, Alfonso-Reese, Turken, & Waldron, 1998) , it may be the case that older adults needed more time to discover the correct implicit-based strategy. If given more trials to complete, older adults may have begun to perform more similarly to younger adults.
Our key finding is that older adults found the Type II categories (a complex, disjunctive rule) more difficult to learn than the Type IV categories (a family resemblance set). This is contrary to findings examining category learning in younger adults, which has shown that Type IV is more difficult than Type II. The finding that older adults struggled more with the Type II category set highlights the fact that executive functioning may be responsible for the performance differences in category learning between younger and older adults. Results showed that among both younger and older adults, a larger working memory capacity (as measured by the backward digit span) was associated with better Type II category learning performance. Additionally, when controlling for age, we found that that working memory capacity was associated with Type II and Type IV categorization performance. This suggests that working memory may be important for learning disjunctive rules, and possibly also for speeding up hypothesis testing so individuals can switch between systems. The fact that a relationship was not found between inhibitory control abilities and category learning can mean either two things: inhibitory control is not necessary for learning certain types of categories or alternatively, that the lack of variability in categorization performance scores between each age group, masked important effects. Given a different category set with more variability in performance, where a subset of older adults were performing well and others were not, we might see a relationship between inhibitory control and category learning emerge. The current findings do suggest that Type II category learning may place a higher demand on working memory and not so much executive functioning abilities like inhibitory control. Overall, these results support previous research showing that older adults struggle with both RB and nonrule-based FR category learning (Filoteo & Maddox, 2004; Racine et al., 2006; Davis et al., 2012; Maddox et al., 2010) .
It is possible that if additional learning trials were added to the Type II category set, older adults might have improved to a level that is comparable to younger adults. This would not have changed our interpretation of our results for two reasons. First, even with extended training, we would have still observed the reversal in rank order difficulty between Type II and Type IV. Second, our primary conclusion was that it is the reduced working memory capacity associated with cognitive aging that brings about the learning differences. This would still hold even if the additional trials allowed for eventual mastery of the category set.
In addition to the explicit (Types I and II)/implicit (Type IV) distinction often used to describe the SHJ category sets, Boolean complexity is another way of conceptualizing the different types of categories. That is, SHJ types can be considered from the perspective of mathematical logic, where Boolean complexity refers to the length of the shortest logically equivalent propositional formula. Furthermore, Feldman (2000) demonstrated that the subjective difficulty of the category set is directly proportional to its Boolean complexity, with Type I being the easiest, followed by Type II, and Type IV being the hardest. That is, the Type I structure requires attention to only one dimension and is easiest to learn. Type II requires attention to two dimensions and is the next easiest to learn. Lastly, Type IV requires attention to all three dimensions and is considered by many to be the hardest to learn. Using this logic, Goodman, Tenenbaum, Feldman, and Griffiths (2008) proposed a rational rules model that combines logical rule induction with Boolean complexity. This model predicts that Type II could be more difficult to acquire under certain conditions-when the participant or experimental setting favors unidimensional rules. This makes sense, as applying a unidimensional rule when learning the Type II category set would result in chance performance. That being said, with respect to Boolean complexity, it is quite impressive that older adults learned the harder Type IV category set better than the easier Type II category set. Even though our strategy analysis findings did not indicate that older adults were heavily relying on single-dimensional rules to learn the Type II category set, we suspect that older adults relied on single-dimensional rules more so than younger adults. The reason being that applying a single-dimensional rule during Type II learning would result in a large number of errors. It is unlikely that older adults would This document is copyrighted by the American Psychological Association or one of its allied publishers.
internalize this negative feedback and continue to apply a singledimensional rule that resulted in numerous errors. The most logical alternative is that older adults applied single-dimensional rules during Type II learning, but frequently switched rules during the course of the task to avoid negative feedback. Weighing all possible conclusions, it seems more likely that the reason why older adults did not demonstrate a Type II advantage is because Type II learning places the heaviest demands on cognitive resources (i.e., working memory load) and it is not as intuitive as the other category sets. That is, Type I is relatively simple to learn because it involves identification of a straightforward single dimensional rule, placing minimal demands on hypothesis testing and working memory abilities, and is encountered quite frequently in everyday life. Second, Type IV is considered the next easiest category set for older adults to learn because of its family resemblance structure, which is reminiscent of natural categories (Rosch & Mervis, 1975) . Again, minimal working memory abilities are required to identify the overall similarity structure of the Type IV category set, realizing which features most of the category members have in common with each other. In contrast, Type II learning requires a high degree of verbal working memory to acquire and combine rules together to arrive at the correct rule. Due to declines in verbal working memory with normal aging, it is possible that the Type II category representation was not actively acquired and maintained in working memory in a manner which would allow older adults to apply the disjunctive rule accurately. This conclusion is consistent with theories of age-related impairment in working memory (Craik, Morris, & Glick, 1990) , stating that older adults struggle to test various rules and maintain this information in working memory. These findings suggest that small declines in working memory capacity relative to younger adults may have a big impact on the complex rule-based category learning abilities of older adults. It is clear that future research is required to identify the importance of working memory in older adults' ability to learn disjunctive rule-based category sets. Given the fact that individuals of all ages rely on Type II, disjunctive rule-based learning in day-to-day life, it is important to understand the cognitive mechanisms involved.
(Appendix follows)
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